The effectiveness of two liquid-phase culture systems, in situ supported with perfluorodecalin (PFD), and elicited with methyl jasmonate (100 µM) and sodium nitroprusside (10 µM) (spiked with l-phenylalanine (100 µM) and sucrose (30 g/l) feeding), and additionally combined with cellulolytic enzyme application (Cellulase or Viscozyme ® L at doses 0.01%, 0.1%, 0.5% or 1%), was investigated on the enhancement of paclitaxel release in Taxus × media harbouring taxadiene synthase transgene hairy root cultures. Neither elicitation nor in situ application of PFD significantly had an effect on root growth until enzyme addition; however, the hairy root response to the culture conditions varied depending on enzyme type and dosage. The highest paclitaxel total yield (intracellular + extracellular) was determined in the one-phase elicited culture systems without enzymes and amounted to 264.2 µg/flask (1 434.9 ± 516.6 µg/g DW) and 29.6 µg/flask in root biomass and medium phase, respectively. Although the application of cellulolytic enzymes did not enhance the total paclitaxel production, they intensified paclitaxel release in a dose-depending manner. Among two examined cellulolytic enzyme treatments, Viscozyme ® L addition caused the highest paclitaxel release up to 59% of its total content when used at a concentration of 0.01%. Whereas in two-phase in situ systems, the combination of Viscozyme ® L at dosage of 0.5% and PFD-aerated, resulted in the highest extracellular paclitaxel concentration up to 20%.
Introduction
Since the discovery of paclitaxel's potential as an anti-cancer drug in the 1970s enormous efforts have been undertaken to provide a significantly increased supply of this compound, as well as derivatives or intermediates of taxane-based plant secondary metabolites (Expósito et al. 2009 and references therein).
Besides classical methods based on chemical synthesis (de novo or based on the molecules of intermediate products), biotechnological methods have been harnessed to meet the increasing pharmaceutical demand for paclitaxel and its derivatives (Vongpaseuth and Roberts 2007; SabaterJara et al. 2010; Onrubia et al. 2013a; Cusido et al. 2014) . Screening for high-producing cell lines, targeted modification of culture conditions, as well as bioengineering-based support and modification of culture systems led to scaling-up of biotechnological methods for paclitaxel production and finally to their commercialization (Frense 2007; Wilson and Roberts 2012; Nosov 2012) . However, considerable variability was observed in the case of Taxus spp. cell cultures, in relation to the growth rate of biomass, as well as the capability for paclitaxel production and its extracellular secretion, what translates into the instability of culture system recognized as one of the most vital problems observed in bioprocesses focused on taxane production (Ketchum et al. 1999; Kim et al. 2005; Vongpaseuth and Roberts 2007; Patil Communicated by M. Capuana. et al. 2013) . Optimization of taxane biotechnological production, and paclitaxel in particular, includes modifications of in vitro culture conditions or development of the culture system which both could be favourable for the extracellular release of this bioproduct molecules in their native form with biological activity retained. In this respect, culture systems based on in situ product removal techniques have been reported to be an efficient strategy for the enhancement of secondary metabolite production (Cai et al. 2012; Malik et al. 2013) . The hairy root cultures, due to their low requirements towards culture conditions and genetic stability, are widely considered to be efficient biological systems for producing a range of valuable bioactive compounds with therapeutic, as well as industrial applicability (Guillon et al. 2006a, b; Chandra and Chandra 2011; Zhou et al. 2011; Talano et al. 2012) . Moreover, the enhancement of targeted biocompounds' release from the plant cells is believed to contribute to the reduction of scaling-up costs by facilitating product recovery and the simultaneous avoidance of detrimental of bioproduct biosynthesis feedback inhibition (Malik et al. 2013) .
Results of the first studies on elucidation of subcellular localization of paclitaxel molecules and other taxanes indicated that their biosynthesis took place mainly in the vascular cambium region, and outer phloem of the inner bark as well, and that taxane molecules are subsequently deposited in the xylem (Strobel et al. 1993) . A little later, the application of cryotechniques allowed to demonstrate that paclitaxel is almost exclusively present in the cell walls of some tissues, as phloem, vascular cambium and xylem (Russin et al. 1995) . Further Choi et al. (2001) , using the immunocytochemical method and laser scanning microscopy analysis revealed that in T. chinensis cell suspension cultures the majority of paclitaxel was found in cell walls. Moreover, the same authors reported the rise in paclitaxel concentration in the cell wall from 42.2 to 54.8% if determined on days 21 and 42, respectively, while paclitaxel levels decreased in plastids and endoplasmic reticulum simultaneously. However, later investigations on paclitaxel intra-cellular transport in T. baccata cell suspension cultures indicated that only 20% of the absorbed compound was found in cell walls, while 80% of this secondary metabolite was in the protoplast, which suggested deposition of paclitaxel molecules in vacuoles (Fornalè et al. 2002) .
Taking into consideration that the most of the paclitaxel molecules could be accumulated inside the structure of cell walls, the basic aim of current studies was to elaborate the in situ technique of T. × media's hairy roots in vitro culture, which would enhance extracellular release of paclitaxel from integrated root biomass into the culture medium. The suitability of combination of cellulolytic enzymes, pure cellulase (from Trichoderma reesei) or multi-carbohydrases cocktail (Viscozyme ® L), as agents potentially enhancing extracellular release of paclitaxel, has been tested and discussed. Additionally, the studied in vitro elicited cultures have been performed in a liquid-liquid culture system in which the aqueous phase of culture medium was combined with a layer of a hydrophobic liquid phase of perfluorinated compound for in situ extraction of paclitaxel released from root biomass.
To the best of our knowledge, the presented approach is an original integrated in situ bioprocess for the simultaneous chemically stimulated enhancing of paclitaxel released from yew's biomass and cell-safe extraction of the bioproduct performed in exactly the same culture system and that such methodology has not been proposed in the literature in the field up to now.
Materials and methods

Hairy root cultures
The Taxus × media hairy root line ATMA harbouring the taxadiene synthase (TXS) gene was used in this study. This line was obtained by the transformation carried out using the C58C1 strain of Agrobacterium tumefaciens carrying the plasmid RiA4 of A. rhizogenes and the binary plasmid pCAMBIA-TXS-His, harbouring the TXS gene of T. baccata (GenBank accession: AY424738), under the control of the 35S CaMV promoter, and the hygromycin phosphotransferase gene (hptII) as a resistance marker (Sykłowska-Baranek et al. 2015b ). The hairy roots were subcultured routinely every 4 weeks in 250 ml Erlenmeyer flasks containing 35 ml of hormone-free DCR-M medium (SyklowskaBaranek et al. 2009 ). The cultures were maintained at 25 ± 1 °C in the dark on an INFORS AG TR 250 shaker (Switzerland) at 105 rpm.
Experimental procedures
The cultures of 28-day-old hairy roots growing in 250 ml Erlenmeyer flasks containing 35 ml of DCR-M medium were subjected for all experiments. The root inoculum weight amounted to 0.5 ± 0.05 g. In control cultures the hairy roots grew in DCR-M medium without any supplementation through 42 days. The hairy roots were subjected to the following treatments: (i) supplementation with elicitors: methyl jasmonate (MJ; 100 µM, Sigma-Aldrich), sodium nitroprusside (SNP, 10 µM, Sigma-Aldrich) and precursor: l-phenylalanine (100 µM, Sigma-Aldrich), with additional sucrose (30 g/l, Avantor Performance Materials Poland SA), called throughout the text as elicitor feeding; (ii) supplementation with elicitors and enzymes: Cellulase from Trichoderma reesei (Sigma-Aldrich) at concentrations of 0.01%, 0.1%, 0.5% and 1% or Viscozyme ® L from Aspergillus sp.-a multi-enzyme complex containing a wide range of carbohydrases, including arabanase, cellulase, β-glucanase, hemicellulase and xylanase (Sigma-Aldrich) at concentrations of 0.01%, 0.1%, 0.5% and 1%; (iii) supplementation with perfluorodecalin (PFD), aerated or degassed without elicitors and enzymes; (iv) supplementation with PFD aerated or degassed and elicitors; (v) supplementation with PFD aerated or degassed and elicitors and enzymes as mentioned above. The amount of MJ, sodium nitroprusside, l-phenylalanine and sucrose has been given as the final concentration in the medium. The scheme of experiments is presented in Table 1S . Perfluorodecalin (C 10 F 18 ; 98% equimolar mixture of cis-/trans-isomers; ABCR GmbH & Co. KG, Karlsruhe, Germany), the synthetic perfluorinated analog of decalin, was used in experiments. To ensure aseptic conditions and PFD-degassed, PFD was autoclaved at 121 °C for 20 min. To obtain the PFD-aerated, it was aseptically saturated with atmospheric air for 15 min. according to the procedure described previously (Pilarek and Szewczyk 2008) . Afterwards, 20 ml of PFD, degassed or aerated, was added to 35 ml of sterile culture medium. PFD was applied to the flasks on the 14th day of culture. After addition of PFD to the medium, all flasks were closed with tightly squeezed aluminum caps.
At each time point the roots from three flasks were harvested. Roots were then gently pressed on filter paper to remove excess medium and their fresh weight (FW) was recorded as well as dry weight (DW) after lyophilization. The fresh biomass increase was expressed as a ratio of final weight to initial weight. Roots and liquids from collected samples were separated using a Büchner funnel.
Cell viability assay
The cell viability was determined with fluorescein diacetate (FDA) according to the method described by Duncan and Widholm (1990) . The five to twelve roots from each treatment were taken for viability determination. After 30 min. incubation with 0.02% FDA, the roots were observed under Zeiss microscope Discovery V12 Stereo using filter 38 (excitation/emission: 450-490-550 nm) and photographed using Canon IS-3 DLX camera. The viability of root cells and the integrity of root tissues were estimated. The widely stained green regions were related to the FDA-stained live cells.
Chemical analysis
The content of paclitaxel was determined in the powdered dry tissue of hairy roots, as well as in medium and PFD samples. The procedure applied for chemical analysis was described earlier by Sykłowska-Baranek et al. (2015b) . Briefly, prior to extraction, the phases of medium and PFD were carefully separated. The PFD phase was directly washed twice with methanol (Avantor Performance Materials Poland SA). These collected extracts were combined and evaporated to dryness under reduced pressure and subjected for HPLC-DAD analysis. The samples of roots and the aqueous phase were cleaned using the SPE (Solid Phase Extraction) method elaborated by Theodoridis et al. (1998a) . All samples were re-dissolved in 100% MeOH (400 µl) and 20 µl was subjected to HPLC-DAD using the DIONEX (USA) system with a UVD 340S diode array detector and an automated sample injector (ASI-100). For compound separation, a Kinetex (Phenomenex, USA) 100 × 4.60 mm column was eluted employing the gradient program as described by Theodoridis et al. (1998b) with some modifications. The mobile phase was: A-ammonium acetate 0.05 M: acetonitrile (7:3 w/w), B-ammonium acetate 0.05 M: acetonitrile (1:9 w/w). The following gradient program was used: 0-15 min. A 100%, 15-20 min. A 66%-B 34%, 20-21 min. A 100%. The flow rate was 0.8 ml/min. The DAD spectrophotometer was set at a wavelength range of 215-275 nm. The taxanes were identified and quantified at 227 nm. The peaks were assigned by spiking the samples with the standards and comparing the retention times and UV spectra. The sample peak areas were integrated by comparison with an external standard calibration curve. A calibration curve was constructed with linear least square regression analysis using Chromeleon PCS 1 software.
The standard compound was produced by CHOMADEX (USA) and purchased from LCG Standards (Poland). All chemicals were of HPLC-grade and purchased from SigmaAldrich (Poland).
All experiments were performed in triplicate. The statistical significance between means was assessed using analysis of variance (ANOVA) and Tukey's multiple range test. For pairwise analysis Student's t test was used. A probability of p = 0.05 was considered significant.
Results and discussion
The influence of culture conditions on hairy root biomass increase
One of the essential aims of current investigations was to develop culture conditions which would allow to maximize the paclitaxel release without the loss of the root viability and the integrity of root tissue. On the basis of previous study (Sykłowska-Baranek et al. 2015b) , the PFD phases were applied on the 14th day of cultivation as the optimal time point for ATMA hairy root growth. The time course of fresh and dry biomass growth (expressed as g of fresh or dry weight/flask) demonstrated the biomass accumulation in control cultures till the end of culture, although the beginning of the stationary phase was observed on day 35 (Fig. 1a, b) . Under the conditions of the current experiment the highest hairy root fresh biomass increase (2.1-fold ± 0.20) was determined after 2-week cultivation carried out in the presence of PFD-aerated without elicitors and enzymes (Fig. 1a) . In the cultures without enzyme supplementation, the lowest and statistically significant (p = 0.05) rates of root growth were noted in cultures supported with PFD-degassed or PFD-degassed with elicitors, 1.4-and 1.2-fold, respectively.
Up to now the higher Taxus spp. hairy root growth rates were reported, up to 19.3-fold for T. cuspidata hairy roots within 2 months of culture (Kim et al. 2009 ) and up to 5.9-fold for T. sumatrana hairy roots within 40 days of culture (Chang et al. 2017) . The lower growth rates achieved by the ATMA hairy root line under conditions of current investigation could be attributed to the fact that each hairy root represents different clone as the incorporation of T-DNA is random and significantly influences the hairy root growth capacities as well as their potential for secondary metabolite production (Bulgakov 2008; Chandra 2012) .
The effect of enzyme application to the medium on root biomass accumulation differed depending on enzyme type and dose and was statistically significant (p = 0.05) (Fig. 1b,  d) . In general the root growth rates observed in culture variants containing Cellulase were higher than those in cultures supplemented with Viscozyme ® L. The enzyme addition to the cultures elicited, but without PFD phases, the root biomass accumulation was suppressed in comparison to the cultures without enzymes but with PFD phases (1.8-fold) (Fig. 1) . The addition of Cellulase to the elicited cultures supported with PFD-degassed stimulated the biomass increase in comparison to the equivalent treatments but without this enzyme, while Viscozyme ® L application caused its decrease (Fig. 1) . In elicited cultures supported with PFD-aerated, application of Cellulase or Viscozyme ® L at doses 0.01% or 1% diminished root growth in relation to the comparable variant without this enzyme, while at concentrations of 0.5% or 1% the root growth enhancement was noted (Fig. 1) . The addition of Cellulase to the cultures carried out with PFD-degassed and elicitors resulted in significant (p = 0.05) biomass accumulation in comparison to the similar culture variant performed without Cellulase. However, the supplementation of the media with enzymes resulted in accumulation of cell debris, the integrity of root tissues were maintained and they remained alive which was confirmed through FDA staining (Figs. 2, 4) .
As it was previously reported (Sykłowska-Baranek et al. 2015b) the addition of PFD-aerated depressed to the highest extent the root growth followed by one-phase and twophase systems supplemented with the elicitor that is MJ. The effect of applied herein mixture of elicitors, which has been found to be the most favourable for paclitaxel production in former investigations (Sykłowska-Baranek et al. 2015a) , slightly affected ATMA line hairy root growth which corroborates previous results. The application of the mixture of elicitors performed in this study caused even augmentation (although not statistically significant at p = 0.05) in root growth, which was 1.8-fold versus 1.7-fold in untreated control cultures as compared on the 42nd day of culture, that is 2 weeks after elicitation. This biomass increase could be achieved thanks to additional sucrose feeding done together with the elicitor mixture application on the 14th day of cultivation as similar phenomena were reported in T. chinensis cell suspension cultures, although after maltose addition (Choi et al. 2001 ). In the current study, only medium supplementation with enzymes, Cellulase or Viscozyme ® L, in the elicited cultures suppressed root growth, which could be due to their acting as a second stressor. Nevertheless, the culture supporting PFD phases diminished the harmful impact of elicitation and enzyme treatment; however, this effect depended on the culture variant (Fig. 1) . These observations correspond to the results of previous investigations (Sykłowska-Baranek et al. 2015b), where root growth in PFD supported cultures after elicitation with MJ was higher than in that elicited without perfluorinated phases, degassed or aerated. The results of current study are also consistent with data published by Patil et al. (2014) which indicates that cell growth in suspension cultures of T. cuspidata upon elicitation with MJ could be attributed to slowed down cell cycle progression, an increase in G0/G1 phase cells and a reduced number of actively dividing cells rather than necrosis.
Up to date in Taxus spp. in vitro cultures, for the in situ extraction of paclitaxel and other taxanes a XAD-4 nonionic exchange resin (Kwon et al. 1998) or organic solvents were used improving paclitaxel yield up to 70% (Collins-Pavao et al. 1996) , often when combined with elicitation (Zhang and Xu 2001; Wu and Lin 2003) . The application of various organic solvents for in situ extraction in Taxus spp. cell cultures was reported to be remarkably harmful for cultivated cells (Malik et al. 2013 and references herein). It was demonstrated that such a deleterious effect resulted from abnormal mitosis and apoptosis (Xu et al. 2005 ) manifesting by the release of cytochrome c from mitochondria and inhibition of extracellular signal-regulated kinase-like MAPK (Cheng et al. 2008 ). The PFD two-phase system applied under conditions of current experiment appeared to be neutral or even beneficial for root viability due to their reported inertness and lack of toxicity in biological systems, as well as their high gas solubility enhancing cell, tissue and organ growth (Lowe 2002; Davey et al. 2005; Pilarek 2014 ). 
The influence of culture conditions on paclitaxel production
In current study the earlier developed for Taxus × media hairy roots two-phase culture system supported with liquid PFD degassed or aerated added on the 14th day of culture as a gas carrier and in situ extractant was used (Sykłowska-Baranek et al. 2015b ). These culture systems were supplemented with a mixture of elicitors, precursor and sucrose on the 28th day of culture, which in previous investigations proved to be the most effective in the induction of paclitaxel biosynthesis (Sykłowska-Baranek et al. 2015a ). On the 35th day of cultivation all elicited culture variants were fed with enzymes Cellulase or Viscozyme ® L to enhance paclitaxel and/or other taxanes' release.
As in the former experiments (Sykłowska-Baranek et al. 2015a, b) in cultures of ATMA hairy root line, also under conditions of this study hairy roots produced paclitaxel solely upon elicitation. No detectable amounts of paclitaxel were found in any of the PFD-phases. The highest paclitaxel yield, intracellular as well as extracellular, was determined in the elicited culture variant without PFD and enzymes and amounted to 264.2 µg/flask (1434.9 ± 516.57 µg/g DW) and 29.63 µg/flask in the root biomass and medium aqueous phase, respectively ( Fig. 3 ; Table 1 ). In the elicited two phase culture systems, PFDaerated application significantly (p = 0.05) affected the paclitaxel content in the root biomass in comparison to the addition of PFD-degassed ( Fig. 3; Table 1 ). Considerably higher extracellular amounts of paclitaxel were found in the enzyme-treated culture variants without PFD phases than in those supported with PFD, irrespectively, degassed or aerated ( Fig. 3; 1S) . When the results obtained within the same culture variants were considered, that is two phase culture systems supplemented with Cellulase or Viscozyme ® L, it was revealed that in the presence of PFD-aerated the paclitaxel total yield (intra-and extracellular) was enhanced and, in addition this compound was more readily released to the medium than in PFD-degassed supported variants. Nevertheless, under conditions of this study paclitaxel was not found in PFD phases which is in opposition to the results reported earlier (Sykłowska-Baranek et al. 2015b ). This outcome could be attributed to the creation of complexes between paclitaxel and cell exudates occurring in the medium during cultivation like phenolics, proteins, sugars (Cai et al. 2012) (Fig. 4) . Such complexation could hamper the transfer of targeted compound to the PFD phases. However, in some elicited culture variants an unknown taxane-like compound characterized by UV spectrum similar to that of paclitaxel was detected. This compound was found both in medium and PFD-phases (in the following culture variants: elicited simultaneously supplemented with enzymes and PFD-aerated phase; elicited without enzymes but with PFD-aerated phase; in elicited without enzymes and PFD addition).
The intracellular content of paclitaxel determined under the conditions of the present study (Table 1) Sykłowska-Baranek et al. 2015a, b) which could be attributed to a variability in paclitaxel levels reported in Taxus spp. long-term cell cultures ranging up to 6.9-fold in cell suspension cultures (Patil et al. 2012 and references therein; . In current investigations that the highest paclitaxel release achieved 59% of its total content was noted under 0.01% Viscozyme ® L treatment in culture variant without PFD phases, although the intra-(5.93 µg/flask) and extracellular (8.52 µg/flask) paclitaxel content was here the lowest among all tested variants. In two-phase culture variants supplemented with enzymes, the highest paclitaxel release was determined under Viscozyme ® L 0.5% and Cellulase 0.1% treatments (Fig. 3) . Aoyagi et al. (2002) published results of the investigations on the applicability of enzyme-catalysed polysaccharide degradation technique for an enhancement of paclitaxel yield in cultures of T. cuspidata protoplasts. It turned out that the application of cellulase, pectinase and hemicellulose, alone or in a mutual combination, led to enhanced levels of paclitaxel found in the cell wall and/or between cell wall and cell membrane, which ranged from 30.5 to 35.1% for cells harvested in exponential and stationary growth phases, respectively. Moreover, the treatment of yew biomass with every single cellulolytic enzyme studied separately from others caused the increased yield of paclitaxel released from cells in the range from 40 to 65%, while the application of the enzyme cocktail of all three regarded biocatalyzators resulted in even doubled levels of paclitaxel released from cells. Next, Roberts et al. (2003) presented the results of paclitaxel release from biomass of in vitro cultured T. canadensis cells with cellulase, pectolase and 0.5 M mannitol. They have reported a positive impact of such modified culture environment on cell morphology which resulted in enhanced vitality of protoplasts. In the case of increasing level of extracellularly released paclitaxel, over threefold and twofold higher concentration of the bioproduct have been noted in unelicited culture and culture system subjected to elicitation with MJ, respectively, in relation to results of paclitaxel levels determined in the analogous culture systems without in situ performed enzymatic treatment of biomass.
The variable levels of extracellular paclitaxel content in various Taxus spp. culture systems could suggest the involvement of an active mechanism and/or non-energy dependent one engaged in paclitaxel transport (Naill et al. 2012) . The existence of an ATP-dependent ABC transporter was postulated which was further confirmed by Sabater-Jara et al. (2014) describing taxane production in cell suspension cultures of T. × media harbournig TXS synthase gene of T. baccata. In this publication the authors observed 23-fold enhanced expression of the ABC gene under simultaneous elicitation with MJ and the application of randomly methylated-β-cyclodextrin (M-β-CD) in relation to the control and twofold in comparison to elicitation solely with MJ. This phenomena corresponded with significantly higher taxane excretion ranging from 45% in the control and 65% in cultures elicited solely with MJ up to 86% under combined elicitation with M-β-CD. High levels of extracellular paclitaxel content were also observed in previous examination performed in cell suspension cultures of T. × media harbouring TXS synthase gene, where release of taxanes to the culture medium upon MJ elicitation amounted up to 68.69% of its total content (Exposito et al. 2010 ) and even over 80% (Onrubia et al. 2013b ). The described above relatively high levels of extracellular paclitaxel were reported from cell suspension cultures of T. × media, while in previous investigations the release of paclitaxel in hairy root cultures ranged from nearly 2% when elicitation with SNP, MJ and l-phenylalanine was used (Sykłowska-Baranek et al. 2015a ) and 22% after application of MJ and PFD-aerated (Sykłowska-Baranek et al. 2015b) . The discrepancy in the potential for paclitaxel release between undifferentiated cell cultures and integrated hydroponically cultivated roots of T. × media were described also by Arteca (1994, 1996) . The authors reported very limited paclitaxel secretion (less than 10%) from cells in suspension cultures and no paclitaxel or other taxanes release from roots, respectively. Although, there is no one way to improve the paclitaxel and other taxane output in in vitro cultures of various Taxus spp., as though it relies on many factors like the specimen which served as an explant donor, type of culture (callus, cell suspension, organs), culture conditions, elicitor/s and precursor/s feeding, in situ extraction, etc. (Expósito et al. 2009; Onrubia et al. 2013a; Sabater-Jara et al. 2010; Cusido et al. 2014) .
The combined approach of elicitation and in situ extraction seems to be a very promising strategy in enhancing taxane production; however, in T. × media hairy root cultures further investigations are needed to develop the most suitable conditions for paclitaxel accumulation.
Conclusions
The data reported in this study demonstrated that most of the paclitaxel produced in hairy root cultures of T. × media were deposited intracellulary and the elicitation step was essential for inducing paclitaxel production. The addition of cell digesting enzymes applied under conditions of this work allowed to maintain root tissue integrity and intensified paclitaxel release in a dose-dependent manner, however did not enhances the total paclitaxel production. The comparison of corresponding culture variants revealed that Cellulase supplementation increased paclitaxel release in cultures without PFD phases and in PFD-aerated supported variants, at concentrations of 0.1% and 0.01-0.5%, respectively. The Viscozyme ® L addition caused the highest paclitaxel release up to 59% of its total content when used at concentration of 0.01% in culture variants without PFD phases, While in two-phase in situ systems, the combination of PFD-aerated and Viscozyme ® L at dosage of 0.5%, resulted in the highest extracellular paclitaxel concentration up to 20%. The application of Viscozyme ® L was more effective in paclitaxel release than Cellulase.
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